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Editorial Comment
Which Standard Has the Gold?*
CHARLES B. HIGGINS, MD, FACC
San Francisco, California
The "gold standard" for assessing the accuracy of noninva-
sive cardicc imaging techniques for more than 2 decades has
been contrast angiocardiography . In recent years investiga-
tors testing the accuracy of noninvasive imaging procedures
have recognized the theoretic limitations of contrast angiog-
raphy, the most glaring of which is the absence of a thcce-
dimensional data set
. Consequently, angiographic measure-
ments are dependent on the assumption of approximate
three-dimensional geometric models . Because the shape of
the ventricle varies with disease states in patients with
hypertrophied and dilated ventricles and after myocardial
infarction, this assumption can be invalid in some circum-
stances
. Such models become even more tenuous when the
imaging is derived from a tomographic sampling technique
(two-dimensional echocardiography) rather than a projec-
tionalimaging technique (angiocardi^graptty)
.
Tomographic technique far diag:msis J car~iovascalar
disease. In recent years two tomographic techniques have
been increasingly applied to the diagnosis of cardiovascular
disease and the quantification of cardiac dimensions and
functions. These techniques, ultrafast computed tomogra-
phy and nuclear magnetic resonance (NMR) imaging, can
acquire tomographic images at multiple levels encompassing
the entire heart and thereby yield a three-dimensional data
set . NMR imaging can be performed in any imaging plane so
that a data set parallel or perpendicular to the long axis of the
ventricle is produced . Because a three-dimensional data set
is acquired, accurate left ventricular volume and mass mea-
surements can be obtained without regard to the imaging
plane (1-11). Studies (12) have shown that negligible or no
significant difference exists between volumes measured from
images acquired in one plane and those measured from
images acquired in another plane. Several studies (1-5) have
shown a correspondence between left ventricular volumes
and ejection fraction measured with NMR imaging and
eon4rast angiogl .aphy or echocardiography, or both . Of
course, such comparative studies do not provide an assess-
ment of the accuracy of NMR imaging because there is no
compelling theoretic or en.piric reason beyond the tedium of
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tradition to consider the measurements by angiocardiog-
raphy or two-dimensional echocardiography to be the ulti-
mate in accuracy . Perhaps the only reasonable evaluation of
the accuracy of NMR imaging and clue computed tomogra-
phy is comparison with peetaecrtcm measurements, which is
the only absolute standard for ventricular mass . Both NMR
imaging and tine computed tomography provide in
measurements of left ventricular mass that very closely
approximate left ventricular mass measured at postmortem
examination (9,10) . A few studies (7,13) have also suggested
that these two techniques can accurately measure right
ventricular mass .
The present study. The report by McDonald et al . (14) in
the current issue of the Journal again indicates that NMR
imaging can nrovide highly accurate measurement of left and
right ventricular mass when postmortem measurements of
mass are used as the standard for accuracy . Another assess-
ment of the reliability of an imaging technique used for
cardiac measurements is the interobserver and the inter-
study reproducibility. Good interobserver reproducibility
has been shown for nearly all noninvasive studies, but
interstudy reproducibility has been infrequently tested
.
Available information suggests that the interstudy reproduc-
ibility of NMR imaging for measurement of left ventricular
volumes, mass and ejection fraction is excellent for both
normal (l5) and dilated and hypertrophied (16) ventricles .
The study by McDonald et al. (14) also shows excellent
interstudy reproducibility of measurements of left and right
ventricular mass in normal canine hearts using the fast
("snapshot") gradient echo technique . These observations
indicate that NMR imaging and perhaps other tomographic
cardiac imaging techniques should be used to evaluate the
effect of therapy on left ventricular dimension and function .
Limitations of NMR imaging. Several limitations have
restrained the routine utilization of NMR imaging for the
evaluation of cardiovascular disease, including limited ac-
cess to NMR imagers, expense of the studies and precarious
reimbursement policies, duration of the procedure required
to achieve images of the entire heart during multiple or
pertineal phases of the cardiac cycle and time-consuming
manual procedures for quantitative analysis of imaging data .
The expense of NMR imaging is somewhat overstated be-
cause a recent survey (17) found that the technique is only
50% more costly tb-n a combined twwo dimensional and
Doppler echocardiographic examination and is <33% of the
cost of cardiac catheterization and angiography . The report
by McDonald et al . (14) addresses the limitations posed by
the lengthy imaging session frequently required for quantifi-
cation of ventricular dimension and function by employing a
snapshot gradient echo technique that acquires images at a
single tomographic level in 0 .8 s and images encompassing
the ventricles in 5 min . Such rapid acquisition of a three-
dimensional data set renders the technique practical for
clinical use and, by decreasing the total time required for the
study, can potentially reduce its cost .
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Limitations of the snapshot gradient echo technique . AI-
th_ ob the study by irtctonald et al . ltd) clearly demon-
strates that snapshot NMR imaging can provide image Cf
sufficient quality to attain highly accurate measurements of
left and right ventricular mass, this approach has limitations .
Because the acquisition period for any single image is
P00 ms, these images correspond to neither diastole nor
systole. Although this is not a problem for quantification of
ventricular
m
ass . i t is a total impediment to measurements of
ventricular volumes, ejection fraction, wall thickening
dynamics and blood flow. All of these measurements can be
obtained in a highly accurate manner with currently avail-
abl^ NMR imaging techniques and are desirable for charac-
terizing the compensatory functional status of the ventricles
in various disease states . Moreover, the suopshot gradient
echo techniques has poorer spatial and contrast resolution
and is more susceptible to some blood flow and chemical
shift artifacts than are other NMR imaging techniques .
Other
NMR imaging techniques. Reduction in the dura-
tion of the NMR imaging examination has been a major goal
of research with this technique for the past several years .
McDOllald et al . (14) describe one of the promising new
techniques for this purpose . Several other approaches have
been conceived . For instance, the biphasic electrocardio-
graphically gated spin echo approach acquires sets of images
during the end-diastolic and end-systolic intervals . Such
images encompassing both ventricles can be obtained in a
total imaging time of I I to 20
min compared with 30 to
40
min
for a complete set of tine NMR images ( 18) . This technique
has the advantage
of
producing images that correspond to a
14 ns segment of the cardiac cycle occurring within a time
frame of 77
ms
. The 77-ms time frame is positioned at the
isovo!umelric phases of the cardiac cycle and roughly cor-
responds to the duration of this phase. This technique has
advantages over the snapshot technique by providing a
three-dimensional data set at both end-diastole and end-
systole. Both spatial and contrast resolution are superior to
those ootained with the snapshot technique . Other tech-
niques for acquiring high resolution images at multiple and
sharply defined periods in the cardiac cycle in a total imaging
time of < 10 to 15 min are now being displayed by manu-
faculrers of NMR imagers.
Implications. It is becoming ioa.us: : !y er•ident that
NMR imaging has approached the stage where it provides a
three-dimensional data set from which dimensional and
functional measurements can be derived in a manner and
time period that are clinically realistic . Moreover, continuing
development of real time NMR imaging such as echoplanar
NMR imaging (19), with a <50 ms acquisition time for an
image, compels enthusiasm for the long-term role of this
technique for the evaluation of cardiovascular disease and
the investigation of cardiovascular physiology . It seems
atsoeas
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reasonable to predict that as Iconographic imaging tech-
niques become assimilated into the diagnostic regimen for
cardiovascular diseases. these techniques should become
the in vivo standards for ventricular volumetric studies.
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